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ABSTRACT

The pyralid Dicymolomia julianalis (Walker) has an

unusually diverse range of hosts, yet relatively little
information is available on this lepidopteran.

Food sources

of the pyralid larva include musk thistle, Carduus
thoermeri, eggs, larvae and pupae of the common bagworm,

Thyridopteryx ephemeraeformis, and cat-tail, Typha spp.
A study was initiated to better understand the

ecological interactions among D. julianalis and its hosts by
monitoring the lifecycle of this pyralid and assessing its
feeding habits.

The potential of D. julianalis as a

biological control agent of musk thistle and the common
bagworm was also examined.
Adult D. julianalis moths were reared in the laboratory
from field-collected samples of musk thistle, bagworm, and

cat-tail.

Life-history assessments were made based upon

dissections as well as adult emergences from field-collected

samples.

During this two-year study, three distinct

generations per year of D. julianalis were observed in
eastern and middle Tennessee.

The first generation,

occurring from mid-March to late October, v/as found on cat
tail.

The second generation was present on dead or dying

musk thistle from early June to mid-October.

Second-

generation individuals were also reared from cat-tail.
iii

The

third and overwintering generation occurred inside bagworm
egg clusters from early October to late May.
The greatest level of infestation (near 100%) of D.
julianalis occurred on cat-tail seed heads.

A high level of

pyralid density, combined with the occurrence of D.
julianalis on cat-tail for two consecutive generations,
indicate that cat-tail is a preferred host for D.

julianalis.

During this two-year study, infestation levels,

averaged across all sites, were 11.63 and 12.63% on musk
thistle and bagworm, respectively.
Dicymolomia julianalis larvae were found in dead and
matted musk thistle heads which rarely contained viable
seeds; therefore, larvae were probably feeding on dead
filaments within the seed heads.

It was unclear, however,

whether the pyralid larvae caused the thistle seed heads to
become matted, or if ovipositing females selected damaged
plants.

Larvae of this species were not found on seed heads

until June, however, at which time many of the plants had

already reached maturity.

This would indicate that the

presence of the larvae did not have an adverse effect on the
weed.

If the larvae are present on the thistle plants too

late to have any effect on the plant's reproductive ability,

D. julianalis larvae are not likely to have potential in a
biological control program directed against musk thistle.

Dicymolomia julianalis could have potential as a tool
for biological control of bagworm.
iv

However, due to the

pyralid's relatively low level (12.8%) of infestation on
bagworm, and the high number of eggs which remain in the bag
after the pyralid emerges, their impact on reducing

population densities of bagworm may not be meaningful.
Further study is needed to better understand the ecology of
this moth and its potential as a biological control agent of
the common bagworm.
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Chapter I

LITERATURE REVIEW

Dicymolomia julianalis (Walker), a small, white and
reddish brown mottled moth (Munroe 1972), is a member of the

family Pyralidae and subfamily Glaphyriinae.

More than

1,375 species of pyralids, which constitute the third
largest moth family in North America, occur in the United
States and Canada (Covell 1984, Borror et al. 1989).

Often

referred to as snout and grass moths, these small to medium-

sized lepidopterans occupy various habitats, and some are

important pests of crops, stored food products, and beehives
(Covell 1984).

Many well-known pyralids have specific niches, such as

the European corn borer, Ostrinia nubilalis (Hiibner), which
feeds primarily on corn, and the greater wax moth, Galleria
mellonella (L.), whose larvae feed on beeswax in beehives.

D. julianalis, though not considered to be a pest, is a
noteworthy member of this family because of its diverse
diet.

Although the Entomological Society of America does not

recognize an approved common name for this species, the
larva of D. julianalis has been referred to as the "white
worm" in cotton-growing areas of Texas (Heinrich 1921).

The

larva, which is pale buff with a dark head capsule and
thoracic shield (Figure 1), is reportedly often confused

with the pink bollwortn, Pectinophora gossypiella (Saunders),
in Texas.

Larvae of both species are about the same size

and have the crochets on the prolegs arranged in an

outwardly broken circle (Heinrich 1921).

Wings of adult D. julianalis are dark reddish brown and
have a milky white band across the upper median area of the
forewing (Figure 2) (Munroe 1972, Covell 1984).

The

wingspan of D. julianalis is 1.2 - 2.0 cm, slightly larger
than D. metalophota (Hampson), a species closely resembling
D. julianalis (Munroe 1972).

Dicymolomia julianalis is widely distributed throughout
North America.

The northern range of this moth is from Nova

Scotia to southern Ontario, and its southernmost extremes

are reported to be Florida and Brownsville, Texas (Munroe
1972).

The pyralid has also been reported as far west as

Kansas (Barrows and Gordh 1974) and Oklahoma (Kaufmann

1985), and along the east coast in New York (Balduf 1937)
and Washington, B.C. (Gahan 1909).

This pyralid has been observed to feed on an unusual

variety of foods, and its feeding habits have been reported
to range from parasitoid/predator to herbivore to scavenger

(Gahan 1909, Allyson 1981, Kaufmann 1985).

This wide range

of feeding habits suggests it is an opportunist which adapts
exceptionally well to many environments.

1S.

Figure 1. Larva of Dicymolomia julianalis on musk
thistle.
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Food sources of D. julianalis larvae reportedly include

stems of prickly pear cactus (Opuntia spp.) (Wagner 1985,
Munroe 1972), in which the larvae feed internally; old and
diseased cotton bolls {Gossypium spp.), in which the larvae
feed on the lint and occasionally on seeds (Heinrich 1921,

Allyson 1981); and milk-vetch {Astragalus canadensis L.), in
which the larvae are believed to feed internally (Munroe

1972, Allyson 1981).
Several species of thistle have also been recorded as
hosts for D. julianalis.

These include such species as

Cirsium lecontei Torrey and Gray, and musk thistle, Carduus
thoermeri (Weinmann) (Munroe 1972, Powell et al. 1992).

It

is unclear what part of the thistle plant the pyralid feeds
on, although Powell and co-workers (1992) suggest that
larvae feed, to some extent, on developing seeds of musk

thistle.

In their study, the incidence of D. julianalis on

musk thistle was monitored at 15 thistle-infested sites in

Tennessee.

Seed heads of musk thistle were found to contain

larvae and/or pupae of D. julianalis at all sites during
this two-year study.

Infestation levels on mature seed

heads ranged from 0.0 to 30.9%, suggesting that the pyralid
is fairly common on musk thistle in Tennessee.
Introduced into the United States more than 100 years

ago, musk thistle has become well established in Tennessee,
where it is now a major nuisance along roads, banks of
rivers and streams, and railroad right-of-ways (Grant et al.

1990).

This noxious weed has also infested pastures, unused

farmland and areas around suburban residences.

In

Tennessee, adult D. julianalis emerged between June and

September from musk thistle, which blooms from May to early
July (Powell et al. 1992).

Few established arthropods have

been found to cause significant damage to musk thistle in
Tennessee (Powell et al. 1992).

Thus, the presence of D.

julianalis on this weed has attracted considerable attention
toward its potential as a biological control agent against
musk thistle.

In a previous study, D. julianalis larvae were

repeatedly found in musk thistle seed heads (Powell 1991).
Thus the question was proposed if this moth, believed to be
a native species, could also be used to help control or
reduce densities of an exotic weed.

Powell and co-workers

(1992) reported that seed heads infested with D. julianalis
became matted and failed to open and thus did not release

any seeds.

It was also suggested that larvae of D.

julianalis may feed on larvae and/or pupae of the plant-

feeding head weevil, Rhinocyllus conicus (Froelich), inside
the thistle seed heads (Grant, personal communication).
Since 1989, these weevils have been released and closely

monitored each year in Tennessee for biological control of
musk thistle.

This type of feeding (i.e., D. julianalis on

weevil larvae) was possible because D. julianalis had

previously been reported to feed on bagworm eggs, larvae and

pupae (Balduf 1937, Barrows and Gordh 1974, and Kaufmann
1985).

Although the common bagworm, Thyridopteryx

ephemeraeformis (Haworth), has been reported as a host of D.
julianalis, not all reports agree on its targeted food
source.

According to Kaufmann (1985), larvae of D.

julianalis attack all stages of the bagworm except adult.
Kaufmann suggests that survival on bagworms is greater when
D. julianalis larvae feed on bagworm eggs than on bagworm
larvae or pupae.

In this study, 80% (n=189) of the larvae

of D. julianalis developed to adulthood when reared on
bagworm eggs, compared to only 15 and 50% of the D.
julianalis that developed to adulthood when fed on bagworm
pupae and larvae, respectively.
Larvae of D. julianalis do not destroy all of the

bagworm eggs within a bag (Kaufmann 1985).

For example, 67

to 75% of the initial number of bagworm eggs remained in the

bag after the pyralid had pupated.

Other researchers,

however, have reported that D. julianalis consumed all of

the eggs within a bag before reaching larval maturity (Gahan
1909, McCreary 1930).

If larvae of this pyralid species did

consume all or most of the eggs, D. julianalis would have

considerable potential as a biological control agent of
bagworm.

Although reported as an egg predator (Barrows and Gordh
1974), D. julianalis has also been classified as a scavenger

(Balduf 1937).

This report speculates that the larvae of D.

julianalis crush the bagworm eggs while preparing
hibernacula.

Reduced to dead organic matter, the eggs are

then consumed by the larvae of D. julianalis.
The common bagworm is one of only two or three species

of twenty bagworm species which are of economic importance.
Native to the United States, larvae of the common bagworm

can be a devastating pest of woody ornamentals in much of
the southern United States (Johnson and Lyon 1988).

The

female bagworm is eyeless, wingless and legless, and never
leaves her bag.

In Tennessee, bagworm moths mate in

September, and after mating, a female may produce 500 to
1,000 eggs.

These eggs remain and overwinter in her bag and

hatch the following May (Williams and Yanes 1989).

Larvae

of D. julianalis are reported to feed on bagworm eggs during
the winter and spring (Kaufmann 1985).
Cat-tail {Typha sp.), commonly found in wet areas
across the United States, is reported to be the most common
food source of D. julianalis (Heinrich 1921, McCreary 1930,

Cole 1931, Allyson 1981).

According to Munroe (1972),

pyralid larvae feed on the heads and stems of the plant,
while Balduf (1937) indicates that larvae feed on dead

organic matter within the head of the plant.

Claassen

(1921) reports that larvae feed first from the styles of the

pistillate flowers and later from seeds and desiccated parts
of the flower, moving deeper into the head as the larvae

8

grow larger.

However, Gahan (1909), who found the pyralid

to emerge as early as April or May, suggests that D.
julianalis could as likely be preying on other insects
inside the plant as scavenging for plant matter in the cat
tail.

Despite its unusual range of habitats, relatively
little information is available on the basic life cycle and
host interactions of this pyralid species.

A more complete

understanding of the life cycle and feeding habits of this
moth is needed to fully address the feasibility of using D.
julianalis as a tool in biological control of musk thistle
as well as of the common bagworm.
Therefore, a two-year study was initiated to determine
the life cycle, ecological interactions, and feeding habits

of D. julianalis on musk thistle, the common bagworm, and
cat-tail in Tennessee.

The specific objectives of my

research were to:

1.

monitor the occurrence and level of infestation of

D. julianalis on musk thistle, the common bagworm,
and cat-tail,

2.

determine the life cycle of D. julianalis,
including developmental time, adult longevity and
number of generations per year,

3.

assess ecological interactions among the pyralid
and its host species, including determination of
the seasonal incidence of each stage of

development of D. julianalis and its associated
plant species,
4.

evaluate and describe feeding habits and behavior

of D. julianalis on musk thistle, and compare

feeding habits on bagworm and cat-tail.

10

Chapter II

SEASONAL INCIDENCE AND INFESTATION LEVELS OF

Dicymoloinia julianalis ON SELECTED HOSTS

i. Introduction

Little information is known about the basic life cycle

of the pyralid Dicymoloinia. julianalis.

Several reports

suggest that the larva has varied feeding habits, which
include musk thistle, Carduus thoermeri, eggs, larvae and

pupae of the common bagworm, Thyridopteryx ephemeraeformis,
and cat-tail, Typha spp. (Gahan 1909, Allyson 1981, Kaufmann
1985).

This range of food sources (i.e., parasitoid/

predator to herbivore to scavenger) is considered unusually
diverse.

To better understand the ecological interactions among

D. julianalis and its hosts, research was initiated to
monitor the life cycle of this pyralid and to assess its

feeding habits.

In addition, the potential of this pyralid

as a biological control agent of musk thistle and the common

bagworm was investigated. The specific objectives of this
study were to: 1) monitor the occurrence and level of
parasitism of D. julianalis on musk thistle, the common
11

bagworm, and cat-tail, 2) determine the life cycle of D.

julianalis, 3) monitor the seasonal incidence of each stage
of development of D. julianalis and its associated plant

species, and 4) evaluate feeding habits and behavior of D.
julianalis on musk thistle as compared to bagworm and cat
tail.

ii. Materials and Methods

Musk thistle, bagworm and cat-tail samples were
collected from three locations in eastern (Greene and Knox

Co.) and middle (Wilson Co.) Tennessee during 1992 and 1993

(Figure 3).

The sites were located at mile marker 19 on

Interstate 81 (1-81) near Greeneville, TN (Greene Co.), mile
marker 397 on 1-40 near Strawberry Plains, TN (Knox Co.),
and mile marker 245 on 1-40 near Lebanon, TN (Wilson Co.).
These sites were located around areas designated by the

Tennessee Department of Transportation for use in a

biological control of musk thistle project.

These sites

were ideal because no pesticides were applied to or around

them, and they were never mowed.

Sites were selected based

on a previous study (Powell 1991) which indicated that D.
julianalis was present in these areas.

12
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Figure 3. Location of sites in eastern and middle Tennessee
monitored for Dicymolomia julianalis from 1991 to 1993

Musk Thistle

Forty-two musk thistle heads [fourteen fully opened or
dead ("full bloom"), fourteen about to bloom ("1/2 bloom"),
and fourteen as green buds] were randomly collected at each
site each week from May until September, 1992.

Most of the

thistle had senesced by August and September, at which time

only "full bloom" heads were collected.

Pruning shears were

used to cut each thistle plant at the stalk, just below the

seed head.

Samples were placed in plastic Ziploc® freezer

bags and taken to the laboratory for further analyses.
The same sampling scheme was used in 1993 with one

exception: green buds were not collected because pyralids
did not emerge from them in 1992.

Thus, only twenty-eight

seed heads were collected from each site every week.
Collected thistle heads were taken to the laboratory

and divided equally into two groups for each stage.

One-

half of the collected thistle heads (seven of each

developmental stage) were individually placed in a cardboard
container (8X8 cm) with a nylon-screened top.

Containers

were held at room temperature (ca. 24°C) and observed for

emergence of D. julianalis.

The number of D. julianalis

emerging per head was recorded.

The remaining thistle heads were dissected under the

microscope and examined to determine the incidence of D.

julianalis, as well as to observe internal activity (i.e.,
what D. julianalis, if present, was feeding on, e.g. thistle
14

seeds or other insects; and what other insects were

present),

The presence of pyralid eggs, larvae, pupae and

empty pupal skins was recorded; when D. julianalis larvae
were found, head capsule width and body length were measured
with a 5 mm micrometer.

Larvae were then returned to the

thistle heads from which they had been removed and placed in
cardboard containers (8X8 cm) or petri dishes (100 X 15

mm) to allow them to continue development.

Longevity of

unfed adult D. julianalis was recorded by observing the
number of days that moths remained alive.

Common Bagworm

Twenty-five female bagworms were randomly collected
from eastern redcedars, Juniperus virginiana (L.), biweekly

from September to May, and monthly from June to August.

In

eastern Tennessee, bagworms were collected from redcedars
located within the thistle site near Strawberry Plains.

Only one bagworm collection was made from the Greeneville
site during the 1991-1992 season.

After a high incidence of

pyralids was found at this site during later thistle
collections, however, this area was designated as a bagworm
collection site for the following winter.

The middle

Tennessee site was located at Cedars of Lebanon State Park,
which is situated about 16 km from the 1-40, mile marker 245

site (Wilson Co.).

This site, which was not visited until

February 1992, was chosen because of its close proximity to
15

the mile marker 245 site, and its high level of bagworm
infestation.

Miscellaneous bagworm collections were made from eight
thistle biological control test sites.

These sites were

visited in February for head weevil and rosette weevil
collections, and any bagworms encountered were collected.
Female bagworms collected from September to May
contained overwintering bagworm eggs.

Male bagworms had

emerged and died by September, thus their bags were empty
and were not collected.

Male bags were easily identified by

an empty pupal case extending from an opening beneath the
bag, through which the adult had emerged.

Female bags were

intact and generally larger.
On each sampling date, collected bagworms were removed
from redcedars with pruning shears (pulling the bagworms off

the trees could crush their contents) and placed in Ziploc®
freezer bags.

Samples were taken to the laboratory where

the bags were dissected under the microscope.

Bagworm egg

masses were examined for D. julianalis eggs, larvae, pupae
and empty pupal skins, as well as other predatory or
parasitic insects.
recorded.

All organisms found within the bags were

When D. julianalis larvae were found, larval

length and head capsule width were measured, after which the
larvae were returned to their bags.

Egg masses containing

D. julianalis larvae or pupae were placed in glass vials (24
X 62 mm) and allowed to continue development.

16

Bagworm

larvae were observed to be carnivorous upon pyralid larvae,

and pyralids which had not emerged from their bags before

the bagworm eggs hatched were often consumed by immature
bagworms.

Thus, when possible (i.e., when the larva was

observed to pupate), pyralid pupae were removed from the egg
mass and allowed to emerge in a separate glass vial (24 X 62
mm).

The number of D. julianalis found in the bags was

recorded.

Longevity of unfed adult D. julianalis was

observed by recording the number of days that the moths
remained alive.

The eggs in the first five dissected bags from each
sample were counted to estimate the number of bagworm eggs

per bag.

The average number of eggs per bag was recorded

for each collection.

Cat-tail

Cat-tails were often difficult to collect from

designated sites at regular intervals.

Thus, individual

collections frequently varied in size, and several weeks

often elapsed between collections at sites due to the low
number of plants available.
In 1992, cat-tails were collected twice, once in May
(n=16) and once in June (n=6), in close proximity to the

site at Strawberry Plains.

From March to October, 1993,

cat-tail seed heads were collected biweekly, as close to the

thistle and bagworm sites as possible.
17

Because of the more

specific environmental requirements of the plants (e.g., wet
soil), they could not always be collected from the same
locations, and not always at regular intervals.

The most

frequent collection sites were: mile marker 5 on Highway HE
near Greeneville (Greene Co.), mile marker 398 on 1-40 near

Strawberry Plains (Knox Co.), mile marker 329 on 1-40 near
Crab Orchard (Cumberland Co.), and mile marker 304 on 1-40
(Putnam Co.) (Figure 4).

On each sampling date, cat-tail seed heads (2 or 3,

depending on availability) were collected, placed in Ziploc®
freezer bags, and taken to the laboratory.

Matted and

fluffy cat-tail seed heads were selected, as the younger

ones with filaments still tightly attached to the stalk were
not likely to contain pyralids.

When D. julianalis larvae

were present in the cat-tail, each seed head tended to have
numerous (often more than ten) pyralid larvae.

Therefore,

larval length and head capsule width were only recorded for
a few (4 to 6) of the pyralids in each infested seed head.

These larvae were replaced in the seed head after being
measured.

The remaining pyralids were left in the seed

head, which was then placed (along with the other seed heads

from the respective collection) in plastic containers (6 X
12 X 17 cm).

These seed heads were monitored for adult

emergence to determine the average number of pyralids that
successfully developed from each seed head.

18
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Figure 4. Location of sites in eastern and middle Tennessee
monitored for incidence of Dicymolomia julianalis
on cat-tail from 1992 to 1993.

Because of their abundance, a separate longevity test

was conducted on 40 D. julianalis adults reared from 16 cat

tail seed heads.

D. julianalis adults were collected as

they emerged from the seed heads each morning and placed
into individual glass vials (24 X 62 mm).

Moths were

supplied with cotton soaked in a 10% sugar solution.

The

cotton was replaced every 3 to 4 days or when mold began to

appear.

Adult moths were monitored daily and mortality was

recorded.

ill. Results and Discussion

Percent Infestation

a. Musk Thistle

In 1992, 1,246 heads of musk thistle were collected

from Strawberry Plains, Greeneville, and mile marker # 245
(Table 1).

No pyralids were recovered from thistle buds

(seed heads which had not yet bloomed), and only two moths
were recovered from heads in half-bloom: one from Strawberry
Plains and one from mile marker #245.

Both of these were

recovered from heads collected in June which had been held

in the laboratory for emergence.

More than 95% of all

pyralid moths were recovered from seed heads which had been
collected in full bloom or after the plant had senesced.
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Table 1.

Incidence of Dicymolomia julianalis on musk

thistle - 1992.

Location and

plant growth
stage^

No.

No.

collected'^ dissected

No. held
for

emergence

Total No.
D.

julianalis

Strawberry
Plains
Bud

98

49 (0)'

49 (0)

0

1/2 Bloom

98

49 (0)

49 (1)

1

224

112(15)

112(10)

25

420

210(15)

210(11)

26

Bud

84

42 (0)

42 (0)

0

1/2 Bloom

84

42 (0)

42 (0)

0

266

133(21)

133(12)

33

434

217(21)

217(12)

33

Bud

84

42 (0)

42 (0)

0

1/2 Bloom

84

42 (0)

42 (1)

1

224

112(16)

112(10)

26

392

196(16)

196(11)

27

Full Bloom
Total

Greeneville

Full Bloom
Total

Mile marker #245

Full Bloom

Total

®Bud = unopened bloom; 1/2 Bloom = partially opened bloom;
and Full Bloom = fully opened bloom or seed head.

dumber represents total number of thistle heads collected;
one-half of collected heads was dissected and one-half

was held and monitored for emergence in the laboratory.

"Numbers in parentheses represent the number of Dicymolomia
julianalis recovered.
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In 1993, 1,008 thistle heads were collected from the
same sites as 1992 (Table 2).

No buds were collected in

1993 because the previous year's data suggested that

pyralids preferred more mature seed heads.

As in 1992, more

than 90% of the pyralids were recovered from thistle heads
in full bloom.

At all three sites during both years, a greater
incidence of D. julianalis was found on dissected thistle
seed heads than on those which were held for emergence

(Tables 1, 2 and 3).

This higher incidence of pyralids

found in dissected seed heads may be due in part to

cannibalism among pyralid larvae, which were observed to
attack each other when found together (i.e., when two or
more were found in one seed head).

Another explanation may

be that the average seed head only provided enough resources

for one larva, and only the more mature larva survived; or

possibly even both larvae could starve and die before
maturing.
Fourth- and fifth-instar larvae were found in thistle

collected in September.

However, no collections could be

made in October because all of the seed heads had fallen to

the ground and were difficult to locate.

Seed heads with D.

julianalis tended to become hard and matted; thus, pyralid
moths may have continued to emerge from the fallen thistle
on the ground.
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Table 2.

Incidence of Dicymolomia julianalis on musk

thistle - 1993.

Location and

plant growth
stage'

No.

No.

collected'' dissected

No. held

for

emergence

Total No.
D.

julianalis

StrawberryPlains

1/2 Bloom

140

70 (0)"

70 (1)

1

Full Bloom

196

98(21)

98(19)

40

336

168(21)

168(20)

41

1/2 Bloom

140

70 (1)

70 (3)

4

Full Bloom

196

98(22)

98(15)

12

336

168(23)

168(18)

41

1/2 Bloom

140

70 (4)

70 (4)

8

Full Bloom

196

98(53)

98(22)

75

336

168(57)

168(26)

83

Total

Greeneville

Total

Mile marker #245

Total

'1/2 Bloom = partially opened bloom; and Full Bloom = fully
opened bloom or seed head.

''Number represents total number of thistle heads collected;

one-half of collected heads was dissected and one-half
was held and monitored for emergence in the laboratory.

"Numbers in parentheses represent the number of Dicymolomia
julianalis recovered.
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Table 3.

Percent infestation of musk thistle at selected

sites in Tennessee.

1993

1992

Site

Dissected

Monitored

Dissected

Monitored

(%)"

(%)'

(%)"

(%)'

7.1

5.2

12.5

11.9

Greeneville

9.7

5.5

13.7

10.7

Mile marker
#245

8.2

5.6

34.0

15.5

x=5.4

x=20.1

x=12.7

StrawberryPlains

^Number represents percent infestation of Dicymolomia
julianalis larvae found through dissection of musk
thistle.
ro
dumber represents percent
infestation of Dicymolomia

OG
julianalis moths
recovered from thistle heads monitored
II

for adult IX
emergence.
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Adult D. julianalis emerged from 5.4% and 12.7% of the
thistle heads monitored without dissection during 1992 and

1993, respectively (Table 3).

This number did not vary

greatly among sites within a year.

Infestation of D. julianalis, as determined through
thistle dissection, averaged across all sites and sampling
dates, was 8.3% and 20.1% in 1992 and 1993, respectively.
D. julianalis was found on musk thistle from early June to

mid-August, and infestation levels on sampling dates during
this period ranged from 0.0 to 66.7% (Figure 5).

During

both years of this study, fewer pyralid larvae were
recovered from Strawberry Plains than Greeneville or the
mile marker #245 site.

These infestation levels correlate

with the amount of thistle present, as the other two sites

had considerably more visible thistle than the Strawberry

Plains site.

Thistle plants were often far apart from each

other at the Strawberry Plains site, and it was often
difficult to find enough thistle for each collection.
The greatest difference in pyralid densities between
1992 and 1993 was found at the mile marker #245 site, where

D. julianalis was found in 34% of the dissected thistle

heads in 1993 (as compared to only 8.2% in the previous
year) (Table 3).

This considerable increase may be

partially attributed to the unauthorized mowing of an
adjoining area which had previously been infested with
thistle for several years.

This disturbance may have caused
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Figure 5. Seasonal infestation levels of Dicymolomia julianalis on
musk thistle across all sites: 1992 and 1993.

ovipositing D. julianalis adults to migrate to the
undisturbed site (from which I was collecting), thus
increasing the density of the pyralid on musk thistle at my
collection site.

b. Common Bagworm

Between September 1991 and May 1992, 503 bagworms were
collected from redcedars at various sites in eastern and

middle Tennessee.

The number of D. julianalis recovered per

bag and percent infestation levels are presented in Table 4.
Infestation levels varied among sites, ranging from 0.0% at
Greeneville to 20.4% at Cedars of Lebanon.

Infestation

level, averaged across all sites, was 13.1%.

D. julianalis

was found on bagworms from October to May, and infestation
levels during this period ranged from 0.0 to 28.4% (Figure
6).

Pyralid larvae were usually first observed within the
bag as third instars; earlier-instar larvae were probably
overlooked due to their small size.

Most (ca. 70%) of the

field-collected pyralids emerged as moths in the laboratory
between April and May.

This laboratory emergence correlated

with field observations, as bagworms collected in April
contained empty D. julianalis pupal cases, indicating that
they had already emerged.
The high level (20.4%) of infestation of D. julianalis
on bagworm at Cedars of Lebanon State Park may be partially
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Table 4. Infestation level and density of D. julianalis on
common bagworm at selected sites in Tennessee (26 November
1991 to 20 May 1992).

No. bags

Site

with D.

julianalis

No. D.

Average

julianalis

No.

fovind

%
infestation

larvae

/bag
Strawberry

19 (247)*

19

1.0

7.7

(7)

0

0.0

0.0

Cedars of
Lebanon

35 (172)

40

1.1

20.4

Other
locations

12

(77)

12

1.0

15.6

66 (503)

71

1.1

13.1

Plains

0

Greeneville

Total

♦Numbers in parentheses represent the total number of bags
collected.
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Figure 6. Seasonal infestation levels of Dicymolomia julianalis on the
common bagworm across all sites: 1991/92 and 1992/93 (data

points correspond to the first week of the respective month) ,

attributed to the timing of collections, which were begun
later in the season at this site.

For example, the first

collection at this site was in February 1992, when
larvae were already large (ca. third and fourth instar) and

easy to locate and identify.

Because the pyralid larvae

were relatively large by February, it was less likely that
any small D. julianalis larvae were overlooked.
The last collection from this site was in late May,

when several small (ca. second instar) pyralids were found
within the bags.

This sudden increase of early-instar

larvae would indicate that some adult pyralids had begun to

oviposit on the bags.

These newly-hatched larvae would not

likely survive, however, as bagworm eggs also hatched at
this time.

Emergence of first-instar bagworm larvae

suggested that the food source for D. julianalis larvae
would be limited.

More importantly, bagworm larvae had been

observed to consume the pyralid (whether larva or pupa) in

the laboratory.

Thus, these small D. julianalis larvae

would most likely either starve to death or be consumed by
bagworm larvae.

Between October 1992 and May 1993, 526 bagworms were
collected from three sites in Tennessee: Strawberry Plains,
Greeneville, and Cedars of Lebanon (Table 5).

Infestation

levels varied among these sites, ranging from 5.8% at

Strawberry Plains to 18.4% at Greeneville.

Percent

infestation at Greeneville increased dramatically from 0.0%
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TEible 5. Infestation level and density of D. julianalis on
common bagworm at selected sites in Tennessee (9 October

1992 to 16 May 1993).

Site

No. bags
with D.

julianalis
Strawberry

No. D.

Average

julianalis

No./bag

%
infestation

found

10 (173)*

10

1.0

Greeneville

26 (141)

26

1.0

Cedars of
Lebanon

29 (212)

29

1.0

13.7

Total

65 (526)

65

1.0

12.4

5.8

Plains

*Numbers in parentheses represent the total number of bags
collected.

H
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00

in 1991-92 (which reflects only one collection) (Table 4) to
18.4% in 1992-93 (Table 5).

Infestation level, averaged

across all sites, was 12.4%.

During one of the first collections of this season, a
mite was introduced into the laboratory, probably from
bagworms collected at Cedars of Lebanon.

This mite spread

quickly from sample to sample, killing all of the pyralid
larvae it encountered.

Although the mite was eventually

controlled, many pyralids were killed while they were within
the bag.

The high mortality levels caused by these mites

may partially account for the 1.9 and 6.7% difference in
infestation during the second season at Strawberry Plains
and Cedars of Lebanon, respectively (Tables 4 and 5).

Dead

pyralids were often unrecognizable among mites feeding on
bagworm eggs within the bag.
All pyralids observed on bagworm egg clusters were
collected from January to April except one, which was found
at the Greeneville site in October 1992.

By April most D.

julianalis larvae had pupated, and collections in May, which
primarily contained empty pupal cases, indicated that most
of the moths had emerged.

During this two-year study, infestation level of D.

julianalis on the common bagworm averaged 12.8% in
Tennessee.

In most instances, only one pyralid larva was

found within each bag (Tables 4 and 5).
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Egg densities in noninfested bagworms averaged 563 eggs
each, ranging from as low as 75 to as many as 860.

Bagworms

containing D. julianalis larvae were usually depleted of 75%
of their eggs, leaving ca. 140 eggs to develop.

c. Cat-tail

In 1992, 100% of the cat-tail seed heads (n=22)

collected at Strawberry Plains were infested with D.

julianalis.

Seed heads had an average of four D. julianalis

larvae each, as well as several empty pupal cases (Table 6).
Several cat-tail collections from middle Tennessee contained

dead D. julianalis larvae.

These pyralid larvae appeared to

have been parasitized and fed upon by mites.

In such cases,

all that remained were dried larval skins and dead mites

still attached to the larva's body.
In 1993, more than 90% of cat-tail seed heads (n=32)

collected in Tennessee were infested by D. julianalis.

As

with the previous year, an average of four pyralid
larvae/seed head was recovered from collections between
March and September.
collection dates.

D. julianalis was found on most

For example, D. julianalis larvae, pupae,

or empty pupal cases were recovered from 15 of 17
collections in 1993 from four sites: Strawberry Plains, a
site near Greeneville, and two sites in middle Tennessee.

Larvae collected early in 1993 were not reared to
maturity as successfully as were those of the previous year
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Table 6. Infestation of cat-tail by Dicymolomia

julianalis in Tennessee, 1992 and 1993.

Location and
month of

collection

X No. D.

No. of seed
heads
collected

julianalis
per head

Strawberry
Plains

March

5

7.40

April

2

6.00

12

3.67

June

7

4.00

July

2

0.00

May

28

\X
II

Greeneville

April

2

to
7.50
H

May

3

6.67

June

3

0.67

July

1

10.00

September

2

1.00

11

x=5.17

Crab Orchard

and vicinity

April

2

June

6

4.00

July

5

4.50

August

2

2.50

15

x=3.67

*

*Larvae from this sample could not be counted due
to mite contamination.

34

due to mite contamination.

These mites were the same as

those that had been introduced with bagworms, and possibly
the same ones which had attacked the larvae from cat-tail in

middle Tennessee.

Although the mites on bagworms had been

initially controlled in the laboratory, introduction of the
high number of pyralid larvae from cat-tails caused an
increase in the mite population.

Because these mites were

so destructive, all contaminated samples had to be

destroyed.

Despite the high larval mortality caused by mites early
in the cat-tail season, it was evident that D. julianalis
larvae were present in seed heads between March and July.
Adult pyralids were first observed to emerge from cat-tail
in early June, and continued to emerge from seed heads
maintained in the laboratory through early October.

This

indicated that the pyralid inhabited the cat-tail longer
than any other host examined.

Seasonality

Three generations per year of D. julianalis were
observed in eastern and middle Tennessee (Figure 7).

The

first generation, from mid-March to early October, occurred
on cat-tail.

The second generation was observed on dead or

dying musk thistle from early June to mid-October, as well
as on cat-tail.

The third and overwintering generation was
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Figure 7. Seasonality of Dicymolomia julianalis from 1991 to 1993.

found inside bagworm egg clusters from early October to late
May.

In 1991, D. julianalis were first observed as larvae
feeding inside bagworm egg clusters in February.

Larvae

were recovered through April, and most pyralids had emerged
as adults by early-June.

When cat-tails were first examined in April 1992, they
already contained well-developed D. julianalis larvae.

Thus, the exact time of pyralid infestation could not be
determined.

Cat-tails were collected until September, and

pyralid larvae in collected plants continued to emerge as
adults through October.

From cat-tail D. julianalis presumably migrated to
thistle, for larvae were recovered from thistle seed heads

between June and September.
September.

Adults emerged through

It is estimated that pyralids continued to

emerge through October, however, because September

collections still yielded larvae.
Thistle seed head collections began in May, yet no D.
julianalis larvae were found until June, when they were
recovered from all three sites.

By late July and throughout

August, both pupae and larvae were found, and by September
nearly as many empty pupal cases were recovered as living
larvae.

A wide range of stages of pyralid development was

found on thistle, as fourth-instar larvae were often found

within the same collection as empty pupal cases.
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Collections during the second season, from October 1992

to September 1993, revealed little difference in bagworm and
thistle seasonality.

Cat-tail, however, served as a host

for D. julianalis longer than had previously been estimated.
Cat-tails collected during March already contained pyralid
larvae, which were found through July.

Pupae were found for

nearly four months, and collections made in September still
yielded adult pyralids.

The presence of the pyralid in

various stages of development over such an extended period
of time indicated that D. julianalis was present in cat-tail

from March to August, overlapping with pyralids infesting
musk thistle from June to September.

No D. julianalis eggs were ever recognized in any of
the three hosts examined, although considerable effort was
devoted to locating these eggs.

The eggs may have been too

small and well-camouflaged to see clearly, even under the

microscope.

Seven adult D. julianalis moths were observed

on one occasion in May while in the field at Cedars of
Lebanon.

The moths were resting on two neighboring redcedar

trees.

Longevity

Dicymolomia julianalis adults (n=40) reared from cat
tail seed heads and fed 10% sugar solution survived for

several weeks.

Adult longevity averaged 19.4 days, ranging

from as few as 11 days to as many as 33 days.
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This

longevity is longer than previously reported.

Powell et al.

(1992) reported that adult D. julianalis reared from musk
thistle lived an average of 6.5 days when held individually

in petri dishes (100 X 15 mm) and provided with 10% sugar
solution, although they were found to live twice as long

when grouped together and held in larger cages (31.0 X 31.0
X 40.8).

Kaufmann (1985) reports unfed adult pyralids

reared from bagworm did not survive for more than 2 or 3

days.

In the current study, unfed D. julianalis adults

lived about seven days averaged across all three hosts.

Body Measurements

Head capsule length, averaged across all hosts, was
1.15 mm (n=102).

Average sizes of pyralid larvae ranged

from 1.03 mm (n=84) when reared on musk thistle to 1.20 mm

(n=15) when reared on bagworms.

Bagworm eggs may have been

more easily accessible to D. julianalis larvae, and may

provide a more substantial, protein-rich diet, thus
accounting for the larger sizes of the larvae which fed on
bagworm eggs.

Body length averaged 6.69 mm (n=92) across all hosts.
As with head capsule width, average body length was lower

for D. julianalis larvae reared from thistle [6.13 mm
(n=15)] than for those which had fed on bagworm eggs [7.18
(n=13)].

Fewer larvae had their body lengths measured than

head capsule width because larvae were often damaged during
39

host dissection (i.e., while cutting open a bagworm case or
thistle seed head, a pyralid larva may have been cut by the
scissors before it was located).

Even though head capsules

could still be measured on dead pyralids, it was often

impossible to accurately measure the length of the dead
larva.
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Chapter III

CONCLUSIONS

Limited information has been published on the pyralid
Dicymolomia julianalis, although it has been reported to
have an unusually diverse range of food sources.

Among this

pyralid's hosts are the eggs, larvae and pupae of the common
bagworm, Thyridopteryx ephemeraeformis, cat-tail, Typha
spp., and musk thistle, Carduus thoermeri.
A research project was undertaken to better understand
the ecological interactions among D. julianalis and its
hosts.

The potential of this pyralid as a biological

control agent of musk thistle and the common bagworm was
also investigated.
Dicymolomia julianalis moths were reared in the
laboratory from field-collected samples of musk thistle,
bagworm, and cat-tail.

Life-history assessments were made

based upon these adult emergences, as well as dissections of
field collections.

Three distinct generations per year of

D. julianalis were observed in eastern and middle Tennessee
during this two-year study.

The first generation, occurring

from mid-March to late October, was found on cat-tail.

The

second generation was present on dead or dying musk thistle
from early June to mid-October.
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Second-generation

individuals were also reared from cat-tail.

The third and

overwintering generation was found inside bagworm egg
clusters from early October to late May.

Infestation of D. julianalis on musk thistle averaged

11.6%; 14.2% from dissected seed heads and 9.0% from those
monitored for emergence.

Infested seed heads usually

contained one pyralid each; however, two adult moths emerged
from each of six individual seed heads.

On one occasion,

three larvae were found within a single seed head.

Dicymolomia julianalis larvae were found in dead and
matted thistle plants which rarely contained viable seeds;
therefore, the larvae were probably feeding on dead
filaments within the seed heads.

It is unclear, however,

whether pyralid larvae caused the thistle seed heads to
become matted, or if they were simply selecting those which

had already been damaged.

Matted seed heads were unable to

open and therefore could never release any seeds.

Thus, if

D. julianalis larvae were causing the seed heads to become
matted, then they could be playing a role in the reduction
of seed dispersal.

The pyralid larvae were not found on the

seed heads until the end of the musk thistle season,

however, which would indicate that the presence of the
larvae was not affecting seed dispersal of the weed.

If the

larvae are present on the thistle plants too late to have

any affect on them, then they are not likely to have
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potential in a biological control program directed against
musk thistle.

Infestation of overwintering bagworm egg clusters by D.

julianalis averaged 12.8%.

Typically, only one pyralid was

found in each infested bagworm, although two bags contained
two D. julianalis each, and one bag contained four pyralid
larvae feeding within the egg cluster.

Larvae were observed

to feed on bagworm eggs, and generally consumed 75% of the

eggs within the bag.

Thus, D. julianalis could be

considered a useful tool for biological control of bagworm.
However, due to their low level (12.8%) of infestation, and

the number of eggs which remained in the bag after the
pyralid had emerged (25% of the egg cluster could represent
100 to 200 eggs remaining to mature), their impact on
reducing population densities of bagworms may not be
meaningful.
The greatest level of infestation (about 100%) of D.
julianalis occurred on cat-tail seed heads.

These infested

seed heads contained an average of five pyralids each.
Infestation ranged from one to more than one dozen pyralids
per seed head.

This high level of pyralid density, combined

with the occurrence of D. julianalis on cat-tail for two
consecutive generations, suggest that cat-tail is the

preferred host for D. julianalis.

Direct observations

indicated that larvae of D. julianalis fed on seeds and
filaments within the plant.

Larvae often used plant
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filaments to construct silken tunnels where they fed within
the plant.

As previously stated, D. julianalis larvae inhabit an
unusually diverse range of habitats.

The considerable

differences between these three hosts, bagworm eggs, cat

tail seed heads and dead musk thistle seed heads, suggest

that more than one species of pyralid may have been

identified as D. julianalis, or that there may be several

subspecies of D. julianalis. No studies have been reported
which have closely examined genetic differences between

pyralids on individual hosts, such as through protein or DNA
electrophoresis.

While it is possible that D. julianalis

has simply been able to adapt successfully to a wide range
of hosts, it is also feasible that two or even three

subspecies of the moth could exist.

Further investigation

into the genetics of this pyralid is necessary to ascertain
its accurate classification.

A more complete understanding

of D. julianalis could prove useful in its exploitation as a
biological control agent.
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